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Paleoanthropological evidence indicates that both the Levantine corridor and the Horn of Africa served, repeatedly,
as migratory corridors between Africa and Eurasia. We have begun investigating the roles of these passageways in
bidirectional migrations of anatomically modern humans, by analyzing 45 informative biallelic markers as well as
10 microsatellite loci on the nonrecombining region of the Y chromosome (NRY) in 121 and 147 extant males
from Oman and northern Egypt, respectively. The present study uncovers three important points concerning these
demic movements: (1) The E3b1-M78 and E3b3-M123 lineages, as well as the R1*-M173 lineages, mark gene
ﬂow between Egypt and the Levant during the Upper Paleolithic and Mesolithic. (2) In contrast, the Horn of Africa
appears to be of minor importance in the human migratory movements between Africa and Eurasia represented
by these chromosomes, an observation based on the frequency distributions of E3b*-M35 (no known downstream
mutations) and M173. (3) The areal diffusion patterns of G-M201, J-12f2, the derivative M173 haplogroups, and
M2 suggest more recent genetic associations between the Middle East and Africa, involving the Levantine corridor
and/or Arab slave routes. Afﬁnities to African groups were also evaluated by determining the NRY haplogroup
composition in 434 samples from seven sub-Saharan African populations. Oman and Egypt’s NRY frequency
distributions appear to be much more similar to those of the Middle East than to any sub-Saharan African pop-
ulation, suggesting a much larger Eurasian genetic component. Finally, the overall phylogeographic proﬁle reveals
several clinal patterns and genetic partitions that may indicate source, direction, and relative timing of different
waves of dispersals and expansions involving these nine populations.
Introduction
Extant genetic diversity within Africa is particularly
complex, not only because of its primary role in the
evolution of our species but also because Africa was both
a source and a recipient of transcontinental gene ﬂow
during different episodes of human history. In addition
to the Strait of Gibraltar connecting Iberia and Maghreb
(North Africa) (Hitti 1990; Newman 1995; Bosch et al.
2001), two other migration routes between Africa and
Eurasia are generally considered, the Levantine corridor
and the Horn of Africa (Cavalli-Sforza et al. 1994; Kiv-
isild et al. 1999; Quintana-Murci et al. 1999; Stringer
2000; Underhill et al. 2001b; Bar-Yosef 2002; Nebel et
al. 2002). These two passageways have their immediate
termini at opposite ends of the Arabian Peninsula, the
geographic nexus of Africa, Europe, and Asia. Although
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a principal-component analysis of African populations,
based on 79 protein polymorphisms (Cavalli-Sforza et
al. 1993, 1994) and mtDNA haplogroups (Salas et al.
2002), revealed pan-African substructure, only slight dif-
ferences are suggested between the Nile River Valley in
the north and regions near the Bab-el Mandeb channel
located between the Horn of Africa and the Arabian
Peninsula. Furthermore, Y chromosome data involving
63 samples from Cairo typed at 10 binary markers failed
to detect any genetic barriers between Egypt and the
Middle East (Manni et al. 2002). These studies suggest
a regional genetic continuity among the Nile River
Valley, the Middle East, and the Arabian Peninsula. In
contrast, analysis of a larger set of Egyptian samples
using the complex 49a,f polymorphic system revealed
some geographic substructure in the Nile River Valley
(Lucotte and Mercier 2003). However, direct correlation
to PCR-compatible binary polymorphisms is often not
straightforward, because of the limited resolution and
the inherent potential for recurrent mutations in the
49a,f locus.
It is fortunate that the establishment of a well-re-
solved, unambiguous Y chromosome genealogy (Un-
derhill et al. 2000) and its continuing reﬁnement (Un-
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Table 1
Populations Analyzed
GEOGRAPHIC AREA
AND COUNTRY POPULATION
LINGUISTIC AFFILIATION
REFERENCEFamily Sublevel
Central Africa:
Central African Republic Biaka Pygmies Niger-Congo Benue´-Congo, Bantu Underhill et al. 2000
Democratic Republic of Congo Mbuti Pygmies Nilo-Saharan Central Sudanic Underhill et al. 2000
Central West Africa:
Cameroon (southern) Bakaka Niger-Congo Benue´-Congo, Bantu Cruciani et al. 2002
Cameroon (southern) Bamileke Niger-Congo Benue´-Congo, Bantoid Cruciani et al. 2002
Cameroon (southern) Bamileke Niger-Congo Benue´-Congo, Bantoid Present study
Cameroon (southern) Bantu Niger-Congo Benue´-Congo, Bantu Present study
Cameroon (southern) Ewondo Niger-Congo Benue´-Congo, Bantu Cruciani et al. 2002
Cameroon (northern) Fali Niger-Congo Adamawa Cruciani et al. 2002
Cameroon (northern) Mixed Nilo-Saharan Nilo-Saharan Central Sudanic/Saharan Cruciani et al. 2002
Cameroon (northern) Tali Niger-Congo Adamawa Cruciani et al. 2002
East Africa:
Tanzania Wairak Niger-Congo Benue´-Congo, Bantu Present study
Kenya Bantu Niger-Congo Benue´-Congo, Bantu Present study
Ethiopia Ethiopian Jews Afro-Asiatic Cushitic Cruciani et al. 2002
Rwanda Hutu Niger-Congo Benue´-Congo, Bantu Present study
Rwanda Tutsi Niger-Congo Benue´-Congo Present study
North Africa:
Morocco Arabs Afro-Asiatic Semitic Cruciani et al. 2002
Morocco Berbers Afro-Asiatic Berber Cruciani et al. 2002
Egypt Arabs/Berbersa Afro-Asiatic Semitic Present study
South Africa:
South Africa Khwe Khoisan Central Cruciani et al. 2002
South Africa !Kung Khoisan Northern Cruciani et al. 2002
West Africa:
Benin Fon Niger-Congo Volta-Congo, Fon Present study
Burkina Faso Fulbe Niger-Congo West Atlantic Cruciani et al. 2002
Burkina Faso Mossi Niger-Congo Voltaic Cruciani et al. 2002
Burkina Faso Rimaibe Niger-Congo West Atlantic Cruciani et al. 2002
Near East/Asia:
Oman Arabs Afro-Asiatic Semitic Present study
a This population is a mixture of Arabs and Berbers.
derhill et al. 2001b; Hammer 2002; Jobling and Tyler-
Smith 2003) has provided new opportunities to evaluate
temporal and spatial aspects concerning these move-
ments in and out of Africa. The strong phylogeographic
pattern observed with the haploid Y chromosome phy-
logeny indicates that this marker system is a more sen-
sitive index of divergence relative to other loci. Con-
sequently, to better understand population relationships
in two pivotal contact zones between Eurasia and Af-
rica, we investigated the nonrecombining Y chromo-
some (NRY) binary marker patterns of afﬁnity and di-
versiﬁcation in 147 North Egyptian and 121 Omani
males. In addition, the NRY composition of Egypt and
Oman are compared with those of various African col-
lections. Speciﬁcally, 434 samples from seven sub-Sa-
haran populations were examined to evaluate levels of
afﬁnity among geographically targeted regions. The
phylogeographic proﬁle that emerges reveals several
areal patterns and genetic partitions that may, in some
cases, indicate source, direction, and relative timing of
different waves of dispersals and expansions involving
these nine populations. Our ﬁndings are then viewed
within the context of other Eurasian and African data.
This integrative approach provides a thorough com-
parison of Middle Eastern and sub-Saharan NRY afﬁn-
ity levels in Egypt and Oman, two populations proximal
to the Levantine and Horn of Africa migratory corri-
dors, respectively.
Material and Methods
Populations Analyzed
A total of 702 male DNA samples was isolated from
peripheral blood lymphocytes by standard protocol
(Sambrook et al. 1989). Information concerning geog-
raphy, ethnic origin, and linguistic afﬁliation of the pop-
ulations examined is provided in table 1. Adherence to
ethical guidelines was followed as stipulated by each of
the universities involved.
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Y-Haplogroup Analysis
Forty-ﬁve binary markers were genotyped by various
standard methods, including denaturing high-perfor-
mance liquid chromatography, RFLP, direct sequencing,
and size detection of two insertional polymorphisms, the
YAP (a Y-speciﬁc PAI or polymorphic Alu insertion [Ro-
wold and Herrera 2000) and the 12f2 long insertion
element (LINE). Lineages are referred to in the text by
haplogroup and terminal mutation, according to the Y
Chromosome Consortium (YCC) standardized nomen-
clature (Hammer 2002; Jobling and Tyler-Smith 2003).
Details concerning primer sets and the allelic states of
binary markers have been published elsewhere (Under-
hill et al. 2001b; Cruciani et al. 2002; Semino et al.
2002).
Statistical and Phylogenetic Analyses
Sixteen additional African populations from previous
studies (table 1) were included in the statistical and phy-
logenetic analyses to generate a more complete picture
of African Y-haplogroup variation and phylogeograph-
ic relationships. An analysis of molecular variance
(AMOVA) (Excofﬁer et al. 1992), based on the resulting
Y-haplogroup distributions, was executed using the Ar-
lequin version 2.000 package. Two sets of AMOVAs
were performed since the 25 populations were subdi-
vided into statistical groups according to either geo-
graphic or linguistic criteria. An updated version of the
maximum parsimony phylogeny illustrated in Cruciani
et al. (2002) served as a reference to measure molecular
distances (i.e., number of mutational steps) between hap-
logroups. A maximum-likelihood (ML) phylogeny con-
structed using the Phylip v3.6 program (Felsenstein
1989) and a correspondence analysis conducted with the
NTSYSpc– 2.02i package by Rohlf (2002) are included
as well.
Microsatellite Analysis
The Egyptian and Omani samples were also analyzed
at 10 microsatellite loci as described by Cinniog˘lu et al.
(2004). In the expansion analysis, we have used a value
of 25 years as intergeneration time to be congruent with
previous studies (Cruciani et al. 2002; Cinniog˘lu et al.
(2004). We have also included results of an expansion
analysis based on an intergeneration time of 30 years
(see table 3) as recommended by Tremblay and Ve´zina
(2000), for comparison purposes.
Microsatellite variances for all signiﬁcant binary hap-
logroups were calculated using the vp equation of Kayser
et al. (1997). Both the linear expansion and BATWING
(Bayesian analysis of trees with internal node generation)
(Wilson et al. 2000) procedures employ the stepwisemu-
tation model (Ohta and Kimura 1973; Wehrhahn 1975;
Di Rienzo et al. 1994; Kittles et al. 1998) and a mean
STR mutation rate of 0.0007 per STR locus per gen-
eration (Kittles et al. 1998; Zhivotovsky et al. 2003).
Results
Phylogeography
Thirty-eight binary markers were found to be poly-
morphic, and these deﬁne 31 paternal lineages. The ap-
portionments of these lineages by population are dis-
played in a hierarchical phylogeny (ﬁg. 1) that shows
the correspondence between the previous haplotype cat-
egories of Underhill et al. (2000) and the YCC nomen-
clature (Hammer 2002; Jobling and Tyler-Smith 2003).
Figure 1 also lists the Y-speciﬁc SNP (Y-SNP)/YAP/12f2
frequency proﬁles of the nine populations sampled in
the present study. Figure 2 depicts geographic distribu-
tion of the observed YCC groups and major subclades.
The most obvious aspect of the biogeographic pattern
is a north versus south—as well as an east versus west—
partitioning of NRY diversiﬁcation. The Afro-Asiatic
populations of Egypt and Oman exhibit, by far, the high-
est number of both groups and haplogroups (a mean of
9.5 groups and 20 haplogroups), followed by the East
African collections of Tanzania, Kenya, Rwandan Hutu,
and Rwandan Tutsi (a mean of 3 groups and 8 haplo-
groups). There is a considerable decline in diversity from
east to west along a Central African corridor to Benin.
The West African populations are represented by an av-
erage of only two groups and three haplogroups.
Nearly all of the Y chromosomes in the sub-Saharan
collections belong to groups A, B, and E. Furthermore,
the vast majority of these individuals (92.2%) are mem-
bers of group E, the only group observed in all nine
populations.
J is the most common group of the Omani collection
(frequency 47.9%), followed in succession by E (23.1%),
R (10.7%), and K2 (8.3%). In Egypt, the order of the
polymorphic groups is slightly different: E (39.5%), J
(32.0%), G (8.8%), K2 (8.2%), and R (7.5%). Note-
worthy is the asymmetrical representation of groups A,
B, and E in the sub-Saharan versus the Afro-Asiatic sam-
ples (98.8% vs. 32.1%, respectively).
A3b2-M13, the lone representative of group A in our
collection, occurs in Kenya (13.8%), Tanzania (7.0%),
Egypt (2.7%), and Oman (0.8%). In contrast, group B
is seen in all sub-Saharan collections except Benin and
Bamileke. In the Tutsi, the frequency of B2b-M112 is
considerably higher than that of B2a-M150 (13.8% vs.
1.1%, respectively), whereas the frequencies are similar
in the Hutu (1.4% and 2.9%, respectively) and Tanzania
(4.7% and 2.3%, respectively). Only B2a-M150 chro-
mosomes were detected in southern Cameroon and
Kenya (7.1% and 3.4%, respectively).
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Figure 1 Maximum-parsimony hierarchy and frequency table. A total of 44 binary markers and 36 haplogroups are represented; 31 of
these haplogroups are detected in 702 African and Omani males. Markers not typed are shown in italics. Om p Oman, Eg p Egypt, SC p
southern Cameroon, Kn p Kenya, Tn p Tanzania, Bn p Benin, Rw p Rwanda.
For group E, we observe a geographic gradient from
west to east as well as a partitioning from south to north.
The sample collections from the western sub-Saharan
populations (Benin and Bamileke) are represented ex-
clusively by group E, whereas the frequencies of these
chromosomes are somewhat lower in the east (94.2%,
85.1%, 81.4%, and 82.8% for the Hutu, the Tutsi, Tan-
zania, and Kenya, respectively) and drop sharply in the
northern-most populations of Egypt (39.5%) and Oman
(23.1%). There exists a west-to-east as well as a south-
to-north clinal distribution with respect to E3a-M2.
Bamileke and Benin display the highest frequencies
(100% and 95.0%, respectively), Kenya and Tanzania
show intermediate values, and Oman (7.4%) and Egypt
(2.8%) exhibit relatively low percentages of this sub-
clade. In sub-Saharan Africa, the east-to-west clinal dis-
tribution of E3b-M35 is inverse to that displayed by E3a-
M2. The percentage of these M35 haplogroups is 135%
in Tanzania and Egypt, whereas it is less than half of
that value in Oman and Kenya. The level of this mu-
tation is very low in the Tutsi and the Hutu samples
(!3% in both) and drops to zero in the more western
populations of Cameroon and Benin. Nearly all of the
E3b-M35 chromosomes in the Egypt (92%) and Oman
(100%) collections harbor downstream mutations
(E3b1-M78, E3b2-M81, and E3b3-M123), which are
absent in the sub-Saharan populations.
In the majority of the nine populations sampled, the
M75 subclade is either absent or nearly so (frequencies
of !5%). The Rwandan Hutu and Kenya are the ex-
ceptions, with M75 found in 8.6% and 17.2% of their
respective samples. The E1-M33 polymorphism, distin-
guishing the remaining subclade of E, is detected in two
Egyptian males (1.4%).
Group C appears to be relatively rare in the popu-
lations sampled in this study. Only four Omani individ-
uals (3.3% of the Omani) harbor the RPS4Y mutation.
There appears to be a sharp north-south partitioning of
F-related lineages (i.e., groups F, G, H, I, and J). Al-
though these are completely absent in the sub-Saharan
collections, they constitute the majority of the Omani
(51.2%) samples as well as a relatively high proportion
of Egyptian males (41.5%). Of these lineages, the J-12f2
clade is by far the most prevalent (32% frequency in
Egypt and 47.9% in Oman). K2-M70 chromosomes are
detected in Tanzania (3.8%), Egypt (8.2%), and Oman
(8.3%). M173 chromosomes (group R) are observed in
the Bantu of southern Cameroon (14.3%), Oman
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Figure 2 Geographic frequency distribution of binary markers in eight African populations and one Omani population
(10.7%), Egypt (6.8%), and the Hutu (1.4%). Whereas
the R1*-M173 undifferentiated lineage is present in all
four populations, the two downstream mutations, M17
and M269, are conﬁned to Egypt and Oman.
AMOVA
The results of the AMOVA analysis are listed in table
2. The overall Fst (among all 25 collections) is estimated
to be 0.333 ( ), indicating a signiﬁcant degreeP ! .0001
of Y-haplogroup interpopulation diversity throughout
the sample area. Upon assignment of the populations
within six broad geographic regions (North Africa, East
Africa, Central Africa, Central West Africa, West Africa,
and South Africa), we obtained an Fct of 0.192 (Pp
) and an Fsc of 0.174 ( ), which suggests.003 P ! .0001
signiﬁcant geographical structuring involving both inter-
and intraregional heterogeneity, respectively. We ob-
served similar results when the populations were
grouped by language (Afro-Asiatic, Nilo-Saharan, At-
lantic Congo, Volta-Congo, and Khoisan). In this case,
the Fct is 0.204 ( ), and the Fsc equals 0.170Pp .002
( ), indicating signiﬁcant inter- and intralin-P ! .0001
guistic structure, respectively.
ML Phylogeny
An ML analysis (ﬁg. 3) performed on the NRY fre-
quencies in table 1 reveals patterns of geographic as-
sociations and population afﬁnities. Strong geographic
structure is apparent, since, for the most part, the three
main clusters (West African/Central West African, Cen-
tral African, and North African/East African/South Af-
rican) represent distinct regions of the African continent,
with Oman clustering with the North African groups.
Correspondence Analysis (CA)
Figure 4 is a CA involving 25 populations and 31
haplogroups. Dimensions 1, 2, and 3 account for 25%,
16%, and 12% of the total variation, respectively. Most
notable is an Afro-Asiatic/sub-Saharan partitioning
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Table 2
Results of AMOVA
Sample
No. of
Populations
No. of
Groups Fst (P Value) Fct (P Value) Fsc (P Value)
Geographic region:
Overall 25 6 .333 (.000) .192 (.003) .174 (.000)
North Africa 4 1 .209 (.000)
East Africa 3 1 .107 (.002)
West Africa 4 1 .198 (.000)
Central-West Africa 8 1 .175 (.000)
Northern Cameroon 3 1 .086 (.018)
Southern Cameroon 5 1 .081 (.003)
Central Africa 4 1 .080 (.000)
South Africa 2 1 .105 (.007)
Sub-Saharan Africa 21 1 .186 (.000)
Language group:
Overall 25 6 .339 (.000) .204 (.002) .170 (.000)
Afro-Asiatic 5 1 .214 (.000)
Nilo-Saharan 2 1 .052 (.185)
West Atlantic 2 1 .119 (.029)
Volta-Congo 3 1 .165 (.000)
Benue´-Congo 10 1 .106 (.000)
Khoisan 2 1 .105 (.007)
along axis 1. The negative plot positions ofNorthAfrica,
Oman, and Ethiopia most likely reﬂect the common oc-
currence of several E3b-M35 derivatives as well as the
G and J components. The clustering of the remaining
20 populations to the right of the origin may be inﬂu-
enced by the presence of one or more of the B-M60, E,
and R1*-M173 lineages. The North African and Omani
groups are well differentiated along both axis 2 and axis
3 (not shown) but are close with respect to axis 1. The
two western Afro-Asiatic populations (Moroccan Arabs
and Berbers) are located in the positive region of axis 2
and in the negative region of axis 3, whereas the more
eastern Afro-Asiatic populations (Egypt and Oman) oc-
cupy opposite positions along these dimensions. The
graphical separation of these two factions may be due
to differences with respect to both E3b3-M123 and J
frequencies.
Y-Microsatellite Diversity
The microsatellite results for Egyptian and Omani
samples are given in table 3. The variance, continuous
expansion, and median BATWING values of the Egyp-
tian M35 lineages are considerably larger than those of
Oman. This is also true for K2-M70. However, for either
the collective J-12f2 or J*-12f2, the disparity is not so
large. The expansion times of collective E3b-M35 line-
ages of the Egyptian sample are substantially older than
those of the J-12f2, whereas, in Oman, the order is re-
versed. On the average, the median BATWING values
based on the 30-year generation time are 20% greater
than those calculated using a generation interval of 25
years.
Discussion
Y-Chromosome Distribution in Sub-Saharan Africa
The sub-Saharan NRY haplogroup distribution dis-
plays distinctive regional patterns. Of particular interest
is an east-west partitioning of sub-Saharan haplogroup
diversity. To the west, Benin, Bamileke, and southern
Cameroon are represented predominantly by chromo-
somes carrying the E3a-M2 mutation, a signature of the
recent expansion of Bantu populations (Passarino et al.
1998; Scozzari et al. 1999; Underhill et al. 2001b; Cru-
ciani et al. 2002). Although the E3a-M2 subclade is prev-
alent in our East African groups (Tutsi, Hutu, Kenya,
and Tanzania) as well, these collections contain several
additional Y-chromosomal types and, thus, demonstrate
a much higher level of NRY diversity. Therefore, unlike
its hegemony in the west, E3a-M2’s contribution to the
genetic landscape of East Africa was not great enough
to completely erase pre-existing Y haplogroups and may
have been diluted further by subsequent migratory
movements from the north involving other Y chromo-
somes. The patterns we have observed are, for the most
part, consistent with and may provide additional sup-
port for published hypotheses concerning African pop-
ulation dynamics (Underhill et al. 2001b; Cruciani et al.
2002).
When taken in context with previous studies, the cur-
rent NRY data seem to reﬂect the linguistic boundaries
demarcating southern Kenya as the northern limit of the
Bantu speakers as they progressed eastward through the
Central African corridor and southward along the Swa-
hili coast. Kenya displays an E3a-M2 frequency of 52%,
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Figure 3 ML radial phylogeny based on Y-haplogroup frequencies of 25 populations (24 African and 1 Omani). The nodal values represent
the number of bootstrap replicates out of 1,000 that share the corresponding bifurcations. “PS*” denotes the present study.
whereas the more northern populations, such as Ethi-
opia (Underhill et al. 2000; Semino et al. 2002), the
Ethiopian Jews (Cruciani et al. 2002), and Sudan (Un-
derhill et al. 2000), are characterized by frequencies close
to or at zero. The genetic composition of the people
inhabiting the area east of the East African Ridge is
especially complex and may reﬂect the superposition of
multiple demic events over the past 5,000 years. This
complexity is depicted by the results of the CA (ﬁg. 4).
The two East African Bantu populations, Kenya and
Tanzania, are positioned between Ethiopia and other
sub-Saharan African collections, perhaps representing
an NRY composition reﬂecting geographical proxim-
ity and linguistic afﬁliation, respectively. The Bantu con-
tribution to both the Kenyan and Tanzanian NRY
composition is obvious (52% and 42% of E3a-M2,
respectively).
The joint occurrence of E3a-M2 and E3b-M35 chro-
mosomes in the East African (Tanzania and Kenya) and
Central African (Hutu and Tutsi) populations (ﬁg. 1)
represents a convergence of independent demographic
events. The E3b-M35–related lineages may be a legacy
left by earlier inhabitants. As indicated above, E3a-M2
was most likely introduced into the region later by Bantu
speakers from the west.
Genetic contributions from the Neolithic and Bantu
expansions are observed in East Africa and are demar-
cated by a reciprocal north-south partitioning of their
respective markers. As stated above, Kenya is the north-
ern limit of E3a-M2, whereas J-12f2, described as a
marker of the Neolithic expansion (Semino et al. 2000),
extends southward only as far as Ethiopia. The geo-
graphic distribution of these chromosomes is consistent
with the arrangement of the Ethiopian Jews, and the
Kenyan and Tanzanian populations in the CA (ﬁg. 4)
along the ﬁrst dimension. These groups lie between the
sub-Saharan and North African populations in the plot.
The intermediate status of these three East African
groups is mirrored in the ML phylogeny (ﬁg. 3) as well,
since, in the North African/East African/South African
cluster, the Ethiopian Jews, the Tanzanians, and the Ken-
yans are wedged between the North African (including
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Figure 4 CA based on the Y-SNP haplotype frequency data of 25 populations (24 African and 1 Omani). Percent of total inertia is shown
for each axis. “PS*” denotes the present study.
Oman) and either the Central African (as is the case
with the Ethiopian Jews and Tanzanians) or South Af-
rican groups (see the position of the Kenyans in the ML
tree).
The Fct estimates based on geographic and linguistic
groups are very similar (0.192 and 0.204, respectively;
table 2). From these results, we argue that language af-
ﬁliation and geographic location contribute more or less
equally to the overall African Y-haplogroup substruc-
ture. However, in some cases one criterion prevails over
the other. For example, although the 10 Bantoid-speak-
ing populations occupy a wide geographic range, they
show an Fst value close to—and, in some cases, lower
than—that of other, more geographically restricted lan-
guage groups with a much smaller number of popula-
tions. Perhaps this relative NRY-haplogroup homoge-
neity, consistent with the values obtained from auto-
somal markers (Cavalli-Sforza et al. 1994), reﬂects the
fact that the Bantu language is a cultural hallmark of a
people who, via a pervasive and protracted demographic
expansion across a large tract of sub-Saharan Africa
(Newman 1995), has shaped a substantial portion of its
current genetic landscape with the M2 lineage. Never-
theless, the Bantoid Fst (0.106; table 2) indicates that
differences among the 10 groups are still signiﬁcant
( ), and this variation most likely arises fromP ! .0005
the differing genetic contributions from previous inhab-
itants and/or subsequent migrations of non-Bantu speak-
ers into these regions. These NRY differences are ap-
parent in the topology of the ML radial phylogeny since
the Bantu is the only linguistic group found in all three
geographically based clades.
In contrast with our ﬁndings, results of AMOVA for
mtDNA data in African populations (Salas et al. 2002)
suggest a lower importance of language versus geogra-
phy in deﬁning differences among the main groups in
the female genetic pool. This may reﬂect a general pat-
tern of cultural assimilation of the indigenous females
during the Bantu expansion. This scenario would ex-
plain the greater linguistic differentiation reﬂected in the
Y chromosome.
Middle Eastern/African Afﬁnities of Oman and Egypt
Egypt and Oman demonstrate a much higher NRY
diversity than do the sub-Saharan groups. A total of 12
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Table 3
Y Chromosome Haplogroup Variance and Expansion Times Based on 10 STR Loci
COUNTRY AND
HAPLOGROUP N
HAPLOGROUP
VARIANCE
Ta
(ky)
BATWING WITH 25-YEAR
GENERATION TIMEb
(ky)
BATWING WITH 30-YEAR
GENERATION TIMEc
(ky)
Mean Median
.025
Quantile
.975
Quantile Mean Median
.025
Quantile
.975
Quantile
Egypt:
E3b-M35 52 .50 17.9 47.4 16.9 .4 532.0 56.9 20.3 .5 638.4
E3b1-M78 26 .42 15.0 12.6 7.8 1.4 105.7 15.1 9.4 1.7 126.8
E3b2-M81 12 .15 5.4 11.6 5.7 .1 144.0 13.9 6.8 .1 172.8
E3b3-M123 10 .41 14.6 25.3 10.8 .2 352.2 30.4 12.9 .3 422.6
G-M201 13 .36 12.9 13.7 6.2 .1 281.2 16.5 7.4 .1 337.4
J-12f2 48 .45 16.1 11.9 10.2 2.1 58.2 14.2 12.3 2.6 69.9
J*-12f2d 31 .31 11.1 15.0 6.4 .6 278.5 18.0 7.6 .7 334.1
J2-M172 17 .46 16.4 27.5 17.9 1.7 188.4 33.0 21.5 2.1 226.1
K2-M70 12 .49 17.5 25.5 13.7 .5 242.4 30.6 16.4 .6 290.9
Oman:
E3b-M35 17 .14 5.0 6.4 2.4 .0 112.1 7.6 2.9 .0 134.5
E3b3-M123 15 .05 1.7 5.9 3.2 .1 55.1 7.1 3.9 .1 66.1
J-12f2 58 .40 14.2 23.6 7.7 .2 428.4 28.4 9.2 .2 514.1
J*-12f2 46 .27 9.6 3.4 2.3 .6 29.2 4.0 2.8 .7 35.0
J2-M172 12 .58 20.7 14.4 4.4 .1 306.2 17.3 5.2 .1 367.4
K2-M70 10 .18 6.4 9.0 1.6 .0 318.2 10.8 1.9 .0 381.9
R1a1-M17 11 .32 11.4 11.0 3.4 .0 290.7 13.2 4.0 .1 348.8
a Linear expansion time; assumes continuous growth and an intergeneration time of 25 years.
b BATWING expansion time based on exponential growth model and an intergeneration time of 25 years.
c BATWING expansion time based on exponential growth model and an intergeneration time of 30 years.
d J*-12f2 denotes a lineage characterized by an unpublished downstream mutation of 12f2.
groups and 25 haplogroups each are detected in these
two populations, versus 5 groups and 14 haplogroups
in the seven sub-Saharan sample collections. The sub-
stantial intrapopulation variation of Egyptian and
Omani assemblages reﬂects the multiple demographic
events that have occurred in these regions (i.e., in north-
eastern Africa and the Near East), in part because of
their geographical positions near strategic crossroads be-
tween Africa and Eurasia.
The NRY composition of the Egyptian and Omani
collections exhibits a greater Middle Eastern versus sub-
Saharan afﬁnity. The cumulative frequency of typical
sub-Saharan lineages (A, B, E1, E2, E3a, and E3b*) is
9% in Egypt and 10% in Oman, whereas the haplo-
groups of Eurasian origin (Groups C, D, and F–Q) ac-
count for 59% and 77%, respectively. These proﬁles
display levels of diversity similar to those of the nine
Turkish populations reported by Cinniog˘lu et al. (2004)
(an average of 9 groups and 19 haplogroups per pop-
ulation) and also include polymorphic frequencies of
many of the lineages observed in Turkey (i.e., E3b1-
M78, Eb3-M123, G-M201, the collective J-12f2, J2-
M172, and R1a1-M17). Many of these haplogroups are
common throughout the Middle East and Europe as
well, and several are thought to have arisen somewhere
within this range (Underhill et al. 2001b).
The Levantine Corridor versus the Horn of Africa
Both the Horn of Africa and the Levantine corridor
have been proposed as main passageways for migrations
of anatomically modern humans out of Africa (Cavalli-
Sforza et al. 1994; Lahr and Foley 1994). The distri-
butions of haplogroups C and D suggest early dispersals
(50–45 thousand years [ky] ago) of ancestors of these
lineages from the Horn of Africa to southern Asia (Un-
derhill et al. 2001b), most likely in conjunction with
mtDNA haplogroup M (Quintana-Murci et al. 1999;
Kivisild et al. 1999). The presence of haplogroup C chro-
mosomes found in Oman (3%) is consistent with this
hypothesis, although more-recent back ﬂow from the
east cannot be ruled out. The use of the southern route,
however, may have been restricted to intervals of low
sea levels and mild monsoonal conditions (Underhill et
al. 2001b). Posterior demic movements, such as the one
represented by the dissemination of the ancestral M89
chromosomes and the 10873T mtDNA lineage to Eur-
asia, most likely occurred via the Levantine corridor,∼45
ky ago (Underhill et al. 2001b; Quintana-Murci et al.
1999).
A more recent dispersal out of Africa, represented by
the E3b-M35 chromosomes, expanded northward dur-
ing the Mesolithic (Underhill et al. 2001b). The East
African origin of this lineage is supported by the much
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larger variance of the E3b-M35 males in Egypt versus
Oman (0.5 versus 0.14; table 3). Consistent with the
NRY data is the mtDNA expansion estimate of 10–20
ky ago for the East African M1 clade. Local expansions
of this clade and subsequent demic movements may have
resulted in the irregular presence of the M1 haplogroup
in the Mediterranean area (Quintana-Murci et al. 1999).
M35 chromosomes are seen in the Oman, North Af-
rican, and East African populations, as well as in the
South African Khoisans (Underhill et al. 2000; Cruciani
et al. 2002; present study). There are three distinctive
sublineages (E3b1-M78, E3b2-M123, and E3b3-M81)
that display nonrandom distributions (ﬁg. 1). E3b1-M78
predominates in Egypt and Ethiopia, E3b3-M123 in
Oman, and E3b2-M81 in northwestern Africa. Impor-
tantly, these three sublineages are restricted to regions
north of the equator. In contrast, the E3b*-M35 lineages
appear to be conﬁned almost exclusively to the sub-
Saharan populations, except for a very low incidence in
Egypt (2.7%) and a somewhat larger frequency in Ethi-
opia (7%, as reported by Underhill et al. [2000]). The
highest levels of E3b*-M35 are in Tanzania (37.2%),
Kenya (13.8%), and the Khoisans (11% in !Kung and
31% in Khwe).
The present-day Egyptian E3b-M35 distribution most
likely results from a juxtaposition of various demic ep-
isodes. Since the E3b*-M35 lineages appear to be con-
ﬁned mostly to the sub-Saharan populations, it is con-
ceivable that the initial migrations toward North Africa
from the south primarily involved derivative E3b-M35
lineages. These include E3b1-M78, a haplogroup espe-
cially common in Ethiopia (23%), and, perhaps, E3b2-
M123 (2%), which is present as well (Underhill et al.
2000; Cruciani et al. 2002; Semino et al. 2002). The
data suggest that two later expansions may have fol-
lowed: one eastward along the Levantine corridor into
the Near East and the other toward northwesternAfrica.
The extant North African and Middle Eastern distri-
bution (Underhill et al. 2001b; Cruciani et al. 2002;
present study) of these lineages suggests that both routes
are associated with the dissemination of E3b1-M78.
However, the E3b3-M123 chromosomes may have
spread predominantly toward the east, whereas E3b2-
M81, which is present in relatively high levels in Mo-
rocco (33% and 69% inMoroccan Arabs andMoroccan
Berbers, respectively [Cruciani et al. 2002]), dispersed
mainly to the west. This proposal is in accordance with
a population expansion involving E3b2-M81 believed
to have occurred in northwestern Africa ∼2 ky ago (Cru-
ciani et al. 2002). The considerably older linear expan-
sion estimate of the Egyptian E3b2-M81 (5.4 ky ago) is
also compatible with this scenario. The Turkish collec-
tion displays a near absence of E3b2-M81 (1 in 523
males) but displays polymorphic levels of the other two
M35 derivatives (5.5% for E3b3-M123 and 5% for
E3b1-M78 [Cinniog˘lu et al. 2004]). This M35 proﬁle,
combined with the substantially older BATWING ex-
pansion times of the corresponding Egyptian lineages
(E3b1-M78: 7.8 ky in Egypt vs. 4.8 ky in Turkey [Cin-
niog˘lu et al. 2004]; E3b3-M123: 10.8 ky in Egypt vs.
3.7 ky in Turkey [Cinniog˘lu et al. 2004]), is highly con-
sistent with a northbound migration through the Lev-
antine corridor reﬂected in M35 males as far north as
Turkey. The complexity of the E3b-M35 fraction in
Egypt may have been enhanced by several episodes of
backﬂow, beginning with the introduction of agriculture
into Africa, and, later, various historical events, such as
the Greek, Roman, and Arab occupations (Lucotte and
Mercier 2003). These migrations, along with the much
older existence of the Egyptian M35 lineage, may have
contributed to the substantially higher variances ob-
served among the Egyptian M35 chromosomes versus
those of Oman (0.5 vs. 0.14, respectively).
The distribution pattern of M35 derivatives suggests
that the diffusion of M35 into Oman did not, to any
great extent, involve the Horn of Africa route. This hy-
pothesis is based on the observation that Tanzania and
Kenya, the two collections in the present study that are
closest to the Bab-el Mandeb Channel, lack the most
abundant OmaniM35 lineage (i.e., E3b3-M123 at 12%)
but carry respectable levels of E3b*-M35 (37.2% in Tan-
zania and 14% in Kenya; see ﬁg. 1), which is not detected
in Omani males. Furthermore, the M35 proﬁle of Ethi-
opia (Underhill et al. 2000) is quite different from that
of Oman. The Ethiopian collection exhibits a polymor-
phic level of undifferentiated M35 (7%), as well as a
much lower frequency of E3b3-M123 (2%) versus that
of E3b1-M78 (23%), a lineage that is nearly absent in
Oman (1.7%).
It is possible that the arrival of the E3b1-M78 and
E3b3-M123 chromosomes into Oman may have coin-
cided with that of M201 and 12f2 (which collectively
represent 50% of the Omani sample), since all four mu-
tations are recognized as signatures of the Neolithic ex-
pansion from the Middle East (Underhill et al. 2001b;
King and Underhill 2002). Although the relatively
younger expansion times of the collective E3b-M35 line-
ages (including both the M78 and M123 derivatives) in
comparison with that displayed by the various J lineages
(table 3) may hint at a somewhat later appearance of
M35 in Oman, the older J-12f2 expansion times may
also be a result of multiple sources for these chromo-
somes. The presence of the G and J lineages in Egypt
(40%; ﬁg. 1) probably represents a southern branch of
the Neolithic agricultural diffusion, which may have re-
turned some E3b-M35 chromosomes as well. The J-12f2
BATWING expansion estimates in Egypt and Oman
(10.2 and 7.7 ky, respectively) ﬁt well with this hypoth-
esis. The BATWING expansion times of both the Turk-
ish G and J lineages are substantially older than those
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of the Egyptian (20.3 and 13.9 ky in Turkey [Cinniog˘lu
et al. 2004] vs. 6.2 and 10.2 ky in Egypt, for G-M201
and J-12f2, respectively). This ﬁnding is compatible with
an expected earlier introduction of Neolithic lineages
into Turkey and an entry into Africa by way of the
Levantine corridor. In addition, the low level of pre-
sumptive 12f2 chromosomes in East Africa (Ethiopia
and Sudan [Underhill et al. 2000] and Tanzania and
Kenya [present study]), except for a relatively low fre-
quency in the more recently admixed Ethiopian Jews
(5%) (Cruciani et al. 2002), argues against an intro-
duction of this mutation into Africa via the Horn of
Africa passage during the Neolithic migration.
More-recent gene ﬂow between Africa and the Ara-
bian Peninsula is indicated by the presence of M2 line-
ages in Oman. However, these episodes most likely in-
volve the seafaring routes used in the East African slave
trade in the last millennium or so (Anderson 1995). Since
substantial frequencies of the E3b*-M35 chromosomes
persist in East Africa to the present day, centuries after
the Bantu-mediated introduction of E3a-M2, it is ex-
pected that the East Africans contributed the E3b*-M35
types along with any E3a-M2 haplogroups during these
more recent demic movements. Hence, the occurrence
of E3a-M2 lineages in Omani males is not likely to be
due to gene ﬂow from East Africa since only derivative
M35 chromosomes are detected in the Omani sample.
On the other hand, the presence of M2 combined with
the absence of E3b*-M35 is a proﬁle common in central
sub-Saharan Africa. A scenario consistent with these
ﬁndings involves the collection of slaves, from a location
perhaps as far westward as Central Africa, to be dis-
patched to the Arabian Peninsula from various points
along the Swahili coast.
A study addressing the issue of gene ﬂow from sub-
Saharan Africa into Near Eastern Arab populations
shows a higher level of female migration compared with
male gene ﬂow through this area (Richards et al. 2003).
In that investigation, the mtDNAs of sub-Saharan origin
occur at a frequency of ∼35% in the Yemen Hadramawt
and 10%–15% in other Arab populations, whereas the
NRY data indicate that the level of recent male gene
ﬂow was substantially lower. The most likely explana-
tion for this pattern is sex bias in the Arab slave trade
from Africa. In addition, it may reﬂect differences in
reproductive ﬁtness between the sexes, resulting from
male sterilization and/or the incorporation of women
into Arab societies as concubines. However, our sample
from Oman displays the highest frequency of E3a-M2
in Arab Near Eastern populations (7%), comparable
only to the 4% in Yemen Hadramawt and signiﬁcantly
higher than in the rest of this area (0%–1%) (Richards
et al. 2003), and may indicate different levels of male
slave assimilation in different Arab populations.
Integration of our results with previous data expands
the known R1*-M173 distribution and yields additional
support for a previous hypothesis suggesting that the
presence of this lineage in Africa signals a backﬂow from
Asia (Cruciani et al. 2002) that has also been associated
with the existence of the Eurasian mtDNA haplogroups
U6 and H in the Fulbe population of Nigeria (Salas et
al. 2002). The Oman collection in the present study is
the only population outside of Africa in which R1*-
M173 has been found. Up until now, these undifferen-
tiated lineages have been detected only in Egypt and in
some Central and West African populations (Cruciani
et al. 2002; present study). It is plausible that the African
and Omani R1*-M173 chromosomes may be relics of
an ancient back migration from Asia to Africa, which
may have been a southern branch of the Upper Paleo-
lithic westward expansion of this clade after its emer-
gence in northern Asia ∼30 ky ago (Underhill et al.
2001b). The antiquity of the M173 backﬂow is implied
by the total lack in sub-Saharan Africa of downstream
mutations associated with the post–Last Glacial Maxi-
mum (LGM) reinhabitation of Eurasia (R1a1-M17 and
R1b-M269) (Semino et al. 2000) or, later, with the Ne-
olithic expansion (J-12f2 and G-M201) (Hammer et al.
2000; Semino et al. 2000; King and Underhill 2002;
Cinniog˘lu et al. 2004).
Egypt is the only African population that is known
to harbor all three M173 subtypes (R1b-M269, R1*-
M173, and R1a1-M17). This unique status is most likely
due to Egypt’s strategic location and its long history of
interaction with Eurasia. Oman, like Egypt, also exhibits
all three M173 haplogroups. The relatively high fre-
quency of R1a1-M17 (9%) may result from the post-
LGM expansion associated with this mutation. The ex-
pansion estimates of this haplogroup (11.4–3.4 ky; see
table 3) support this hypothesis. The above data strongly
suggest that the Levantine corridor was, by far, more
important than theHorn of Africa passage in the original
African dispersal of undifferentiated M173 chromo-
somes as well as the more recent introduction into Africa
of its derivatives, since the M173 mutation is nearly
absent in East, Central, and South African collections,
except for a 1% frequency in both the Ethiopian (Un-
derhill et al. 2000) and the Hutu assemblages.
K2-M70 is believed to have originated in Asia after
the emergence of the K-M9 polymorphism (45–30 ky)
(Underhill et al. 2001a). As deduced from the collective
data (Underhill et al. 2000; Cruciani et al. 2002; Semino
et al. 2002; present study), K2-M70 individuals, at some
later point, proceeded south to Africa. These chromo-
somes are seen in relatively high frequencies in Egypt,
Oman, Tanzania, Ethiopia, and Morocco and are es-
pecially prominent in the Fulbe (18% [Scozzari et al.
1997, 1999]), the highest concentration of this haplo-
group found so far. The current patchy distribution of
K2-M70 in Africa may be a remnant of a more wide-
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spread occupation. Subsequent demic events introduc-
ing chromosomes carrying the E3b-M35, E3a-M2, G-
M201, and J-12f2 haplogroups may have overwhelmed
the K2-M70 representatives in some areas. Like the R1*-
M173 males, the M70 individuals could represent the
relics of an early back migration to Africa from Asia,
since these chromosomes are not associated with the G-
M201, J-12f2, and R1-M173 derivatives, lineages that
represent more-recent Eurasian genetic contributions
(Semino et al. 2000; Underhill et al. 2001b). The K2-
M70 expansion estimates in Egypt (17.5–13.7 ky; see
table 3) are consistent with an early African diaspora.
From the present-day African distribution of K2-M70,
it is difﬁcult to determine which of the two Africa/Asia
migratory passages, if any, prevailed in its southward
journey. However, the BATWING expansion estimates
of both the Egyptian and Turkish K2-M70 lineages (13.7
ky and 9.0 ky, respectively) are much older than that of
Oman (1.6 ky), which suggests that the Levantine cor-
ridor may have been usedmore extensively in theAfrican
dissemination of this lineage as well.
Conclusion
The diverse NRY haplotypes observed in Egypt and
Oman are, to a large extent, distinctive from those of
sub-Saharan collections and establish a substantial base
for comparisons with other regional populations. NRY
markers typical of the current sub-Saharan Africa (E3a*-
M2 and derivatives) are represented by low frequencies
in Egypt and Oman and, thus, may be a recent acqui-
sition, at least in part, from the slave trade. In contrast,
markers signaling the Neolithic expansion from theMid-
dle East (12f2, M201, and M35 derivatives) constitute
the predominant component in these two Afro-Asiatic
populations. The situation is further complicated by the
fact that, unlike 12f2 and the M201, which are Eurasian
in origin, the undifferentiated M35 lineage can be traced
back to the Mesolithic in East Africa. In Egypt, known
M35 derivatives are present at polymorphic levels and
there is a near absence of undifferentiated M35. It is
reasonable to believe that the Levantine corridor may
have played an important role in the dispersal from Af-
rica reﬂected by these chromosomes (involving both for-
ward and backward ﬂow). The lack of E3b*-M35, a
common East African haplogroup, in Oman, and the
asymmetrical presence of the two Omani M35 deriva-
tives (E3b3-M123 has a greater frequency than E3b1-
M78), as well as the differential distribution of M173
and 12f2 lineages in the integrated collection, reinforce
the idea that the migratory movements between Eurasia
and Africa involving these chromosomes occurred
mainly across the Levantine corridor and that genetic
ﬂow through the Horn of Africa during these demic
episodes was very limited. Nevertheless, previous studies
support the importance of the Horn of Africa as a pas-
sageway in earlier human migrations.
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